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SAMPLE PREPARATION METHOD AND ARRANGEMENT THEREFOR 
FIELD OF THE INVENTION 

The present invention relates to a sample preparation method* The invention iimher 
relates Lu an arraugemeut fox the method. 

5 BACKGROUND OF THE INVENTION 

During the past few dcuadcsi, Irtmeadous advances liavc been made in the field of 
molecular diagnostics. Molecular recognition techniqueb mch aa iuimuuuasisay, Ike 
polymerase chain reaction and other nnnlelc acid amplificatinn and deteciion 
methods have made it possible to specifically detect and quantity various biological 

10 entities - hereafter called analytcs - in different kinds of samples. Measurement of 
(lie aiuouut 01 mere presejice of such analytcs is of importance in a vast range of 
situations^ examples of which Include diagnosis and monitoring of disease in man or 
in animals; Rnvirnnmental monitoring; detection of biological warfare agents; 
forensic sciences and detection and recognition of cells and viruses. Developments 

IS in different aspects of fhese molecular recognition techniques - instrumentation, 
Ittbel Iccliuulo^ies, teaj^ents and consumables — have made it possible to detect even 
minute amounts of specific molecules of inleresl. Using Ihc polymerase chain 
reaction (Saiki et al.. Science 1985, 230: p. 1350-4) coupled with a suitable 
detection method, tor example, it is often possible to detect a single micieic add 

20 analyte molecule of a particular base sequence in &e presence of a great excess of 
other sequences. 

However, most molecular measurement techniques are limited by the fact that the 
son^lc material itself, from which the measurements are to be made, must be 
puiified piioi to analysis. This is due to the fact tiiat many components of eg. blood. 
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environmental nr food samples can inhibit the enzymes used in analysis; interfere 
with the formation of bioaffinity bonds that are essential m most modem molecular 
assays; increase the background signal obtained in the measurement step; or 
otliervvisc compromise assay pcrfonnanoc. This is partioularly true for nucleic acid 

5 assays, where the first step is usually DNA or KMA extraction (Lantz et al- 
Biorechnol. Annu. Rev. 20OO: 5 87-130). Common mclliods uf sample 
preparation have been reviewed reoftntly by Radstrftm et al. [Sachse K & Frey J 
(ed.). Methods in molecular biology, Vol 216: PCR detection of microbial 
pathogens, Humana Press Inc., Totowa, USA: p. 31-50]. These include biochemical 

10 jjiclhods based on, for example, extraction of nucleic acids using organic solvents, 
followed by ethanol precipitation and solublHsarion in an aqueous solvent; or lysis 
of cens In the presence of cbaotrnpic .salts, afRniiy binding of the nucleic acids on a 
solid phase; and elution of pure nucleic acids using an aqueous solvit The main 
advantage of these biochemical extraction methods is that die analyte is obtained in 

13 a puie foiiu without any assay liihibitors. However, all of ihcsc methods present a 
real challenge to automation, are labour intensive and require specialized, expensive 
equipment together with harsh cheminals that cannot he used rn, for example, field 
conditioiis. 

In addition to the poRsibility nf a^say inhfhition, sample vnlmne iKelf is often a 
20 problem. Even if a sensitive assay is capable of detecting a single analyte molecule, 
this is sometimes not enough. For example, according to regulations oonceming 
some paQiu^cuiu organisms, such as bacteria belouRinft to the genera Salmonella or 
Listeria, foodstuff must not contain more than a single viable bacterial cell in 25 g 
of the fondsmff The ammmt of sample - 2.i g - is far ton great tn be ana.lysBd in 
25 one bioatliniiy reaction. For this reason, the analyte must be concentrated or/and 
enriched prior to analysis. Analyte concentration can be done by immimological 
or/and physical means (sec R&dstrdm ct al.). More often than not, physiological 
enrichment in selective culture media is used. Such enrichment usually takes 
between 24 and 48 hours. In many cases, the time needed to perform the analysis is 
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flierefore very long, which results in significant storage costs tefore a produul, e.g» 
animal feed product, can be released to market 

To simplify the sample pre-treatment protocols, several attempts have been made lo 
develop methods where assay inhibitors would be removed without the necsd to 
5 extract DNA or RNA in a pure fonn and where the analyte would be concentrated to 
^ a detectabltj level. Mainly, these metiiods arc based on enrichment of the target cells 

from a sample, after which the cells are subjected Lu analysis, Venkateswaraii et al. 
(Apphed and tSnvironrriftntal Micrnhiology 1997, 63: p. 4127-4131) described the 
use of centrifugation and filtration to extract bacterial cells that were subsequently 
10 subjected to analysis by PGR. Although this method allowed detection of baoterial 
ceils in the absence of DNA extraction, it was limited in the sense tbat a centrifuge 
was needed, which makes method poorly suited for automation or for use 
outside a lahnratory. Also, in the method described by Venlcateswaran et aL, target 
cells were collected &om the filter by resuspending them in a builer, which may 
15 very well result in some cells being trapped on the filter. This means that the method 
does not allow quantitative determination of the amount of the target cells. 

In smrnnoiy,. the use of sophisticated molecular recognition and quantitation 
tecliuiques is usually only possible in specialized laboratories, because the 
purification and enrichment techniques that are required by mosl nueleiu acid 
7.0 frequence and/or protein detection methods are labour intensive and need specialized 
equipment and operator skills. 

Therefore, there is a need for simple, fast and inexpen.sive sample prepamtinn 
methods that allow reduction of the amount of assay inhibitors in the sample 
together with concentration or enrichment of analyte molecules. 
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OR.TRCTS AND SUMMARY OF THE INVENTION 

An object of the present invcnlLuii is to provide a simplified mciiLod for preparing a 
hiological sample to enable an altogether wx^UCcd analysis of an analyte or 
analytes. 

5 Another object of the presseni invention is to provide mi arniugement for preparing a 
biological sample according to the method of thf: mventinn. 

Still another objpr.t of the present invention is to provide a kit for analysis of an 
analyte or analytes oomprismg the arrangemfint for preparing a biological sample 
according to the method of the invention. 

10 Thus the present invention provides a method for preparing a biological saxtiplp^ for 
quantitative and/or qualitative analysis of the presence of a epecific analyte or 
specific analytes, which analytes, if present, arc contained in biological particles of 
the sample^ in which method the suxxiple is furucd in a lirsl dlrccliuu lluxjugli a filtei 
that retains said biological particles. Characteristic for the method is that the 

15 biological particles retained m the filter are flushed, by a flush flow, in a sexsond 
opposite direction flirough the filter out of die filter and the flush flow containing 
the biological particles flushed out is analysed for the analyte or analytes. 

The present invention further provides on aramgement for preparing a biological 
sample for quantitative and/or qualitative analysis of the presence of a specific 
20 analyte or specific analytes, which analytes, if present, arc uuntaincd iu biulogiual 
particles of the sample. Characteristic for the arrangement is that it conqmses 

a) a housing for a filter; 

b) a filter within said housing for retaiiung the particles containing the analyte 
or analytes, said filter having two sides, 

25 i) a sample inlet side and 

ii) a flushing flow inlet side; and 
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c) means for 

i) leading the sample through the filter from the sample inlet side to the 
flushing flow inlel side, 

ii) leading the flush flow from its inlet side to the sample inlet side, and 

5 iii) retrieving for analysis biological particles containing Ihc aualyte 

flushed from the filter. 

The present Invention also provides a kit ufpartsi, components and/or reagents for 
pertbnning the method according tn the Invention. Characteristic for the kit is that it 
compiises the arrangement according to the invention. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the basic principle of the invention. 

Figure 2a and 2b schematically show the principle of the invention ii5sed with pr&- 
filtration. 

Figure 3a, 3b and 3c schematically show the principle of an automatic san^le pre- 
IS treatment installment utilizing the principles of the present invention. 

Figure 4 shows a standard curve for the detection oi Listeria monocytogenes from 
milk using the present invention for sample pre treatment and real time PGR for 
analylc dclcutiou. 

Figure 5 shows q standard curve for the detection of Listeria monocytogenes from 
20 chccbc using tlie present invention for sample pre-treatment and real time PGR for 
analyte detection. 
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Figure 6 shows a standard curve for the detection of Listeria monucylug^ries from 
salted Galmon using fhe present invention for sample pre-freatment and real time 
PGR for analytc detection. 

Figure 7 shows a standard curve for the detection of Bacillus stihtilis from T.uria 
S broth using the present invention for sainple pre-treatment and real time FCR for 
analylc detection. 

Figure 8 shows o standard curve for the detection of Bacillus subtills endospores 
CTura puUilu IIuui using flie present invention for sample pre-treatment and xcal-timc 
PCTR for analyte detection. 

10 Figure 9 shuw5 a pioliue of an agarose gel analysis of the PGR amplifications of an 
actin fragment from human hlood leucocytes Isolated with the method of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The object of the present invention is to provide a simple, fast and cost-effecHve 
IS sample preparation melhod that is amenable to automation as well as manual 
operation that allows purification and concentration of e.g. biological nucleic acid or 
protein analyles Ixum biulugiual, cuviruiujicaLal oi othei liquid or gaseous samples. 
Oai^eous and liquid samples are suitable as such whereas solid samples have first to 
be suspended in a liquid. 

20 A seminal finding of the present invention is thai target cells can be enriched and 
purified trom assay inhibitors by using a filter that allows liquid or gfls tn he 
directed through the filter in two opposed directions: the sample is first forced 
through the filter in such a manner that the target cells or other biological ooxnplexes 
of inteiest are retained on and/or in the filter while any contaminating or inhibitory 

25 substances pass Through* after which the direction of flow is reversed and llic largcl 
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ceM nr other biological complexes are collected and subjccled to molecular analysis 
preferably without further purification steps. 

In molecular analytical techniques, such as immunoassays and nucleic aicid assays, 
pre-analytical processing of samples is of utmost importance. To analyse e.g« the 
5 protein and'or nucleic acid content of a sample^ it is often necessary to purify and to 
concentrate the sample, otibicrwisc it is impossible to determine the amount or mere 
presence of Ihe bpecifiu analylc of interest in the sample This is typically due to 
either presence of assay inhihitors in the san^)le or low concentration of analyie or 
both. Most sample preparation methods, reviewed fs.g. hy Radstrom et a1. (2003), are 
10 limited by the fact that ihey are time-consuming and labour intensive and require 
specialised equipment, operator skills and horah chemicals. 

The present invention provides a simple method for sample purification and 
enrichment thot is amenable to automated or manual use. The general principle of 
the method is depicted in figures 1 and 2. As c&n be seen from fhcsc figures, the 

IS Icchuiqae Is based on separation of biological particles 4, e.g. cells, contaiiung the 
molecules of interest from the sample matrix using a filter 6/ Optionally, the 
sample 2 can be pre-fiitered before application to the main £ater 6 in order to 
remove larger particles 10 (figure 2) that might interfere with the analysis of tiie 
analyte or analytcs. As flio biological particles 4 of interest are trapped on and/or in 

20 the liUcr 6, any iulcrfcriug subiitanccii, such as compouuds tliat could ixiliibit tiie 
subsequent anaiyrical steps, pass through. After the entire volume of sample 2 has 
been forced through the filter 6, the biological particles 4 of inter<=^t ran be. 
optionally washed by e.g. applying a suitable volume of water or other liquid 
through the filter 6 (figure 2). After this first step, the direction of flow 8 is reversed 

25 so that the trapped particles 4 arc detached fixnn the filter 6. This second flush 
volume can be adjusted so Ihal Ihe particles 4, now purified irum inhiblLurs, arc 
flushed in a volume diat is smaller than the initial sample volume, therefore 
resulting in effective enricJun^t or concentration of the analyte. The force and 
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volume of the reverse flush flow 8 can be adjusted so timt all w ncaily all topped 
analyte containing biological particles 4 are collected. This enables even 
quantitative analysis of the amount of particles 4 in the sample 2, 

The tlusb ilow 8 can be any flow, wen that of the sample filtrate. Preferable ii is, 
5 however, a liquid or gas flow other than the sample filtrate in order to avoid 
rciDtrodacing components of the original sample that might interfere with the 
analysis of the ansdyte. 

"Flush flow in a second opposite direction throu^ the tUter " as used herein means 
that the direction of flow in relation to the filter piano of the sample inlet side 16 of 

10 the filter 6 is changed so that the trapped particles are collected into the flush flow 8 
filtrate after changing the direcuon of flow. As will be appreciated by those skilled 
in the art, this action can he accomplished in differeni ways. For example the 
position of the filter 6 can be changed so that the direction of flow in relation to the 
filter 6 changes; or die filter can remain stationaiy while direction of flow is 

IS uhaiiged; oi tixe filter 6 and direction of flow can both be adjusted so that the same 
end result, collection of trapped biological particles 4» is achieved The flush flow 8 
can be diiBCted toward the filter fmm any suitable direction, a5S long as it flows out 
from tiie filter on the sample inlet side 16 and the biological particles 4 contained m 
the sample 2 arc first trapped in the filter 6 and then, after changing the flow 

20 direction, collected in the flush flow 8 filtrate. 

In some applications, the sample 2 may contain interfering particles or inhibitor 
complexes 10 that ore greater in size than the biological particles 4, e.g. 
ccllsj ^;oiitaining tiie molecular species of interest In these cases, it is possible to 
perform a first filtration where Ihe biulugioal particles 4 of intei>3st pass through the 
7.b first fi1ter7.fi while the interfering greater particles 10 are trapped in the first 
filter 26. The filtrate of the first filter 7.6 containing e.g. the complexes of interest 4 
ifi then forced through a second filter 6 that traps the e.g. complexes of interest while 



VAST.OTTO 18-1I-ZQQ3 15:50 MISTA- 3SB Z Zf^lSSB 



KENELLEPATREK Asiatcaspalval SIVU ADS 



Ua Tl 15:5» 2 TURCN 1>AT-TSTO -^^^ PRE KIRJAAittU 1^0X0 



9 

any interfering siihstances, such as compounds that could inhibil llic substequent 
analytical steps, pass through. After this, the direction of flow through the second 
filtcjr 6 is changed and the biological particles 4 of interest are collected and then 
subjected to analysis. Again, it is possible to adjust the volumes applied through the 
5 filters 26, 6 ai the differenl sUspjj Lu aclueve optimal purity and concentration of the 
particles 4. 

The method of the present invention can be porfonncd manuolly using a manual 
filtration device and a manual device thai allows appliualiou of material through the 
filter, ffliitahly a syringe. Aliemailvely, the method of flie present invention can be 
10 perfomied using an automated device that is designed to perform the physical 
actions necessary to force a sample through a filter; to reverse ihe direction of flow 
through the filter; and to collect the biological pattiolcs. Suitably, pressure or 
vacuum is used Lu force malciial Uuxiugh a filter* 

The terms 'Isiologicol particles" as used herein refer to prokaxyotic or eukaiyotic 
]5 cells or spuccs ur cuixipoueuts thereof, viral particles or complexes containing 
protein and nucleic acid, or complexes containing protein or cum.plexes uunlaining 
nucleic acid well m any comhinatinnf! thereof. Biological panicles can e.g. be 
bacteria or bacterial cells, plant pollen, mitochondria, chloroplasts, cell nuclei, 
viruscSi phages, chromosomes or ribosomes. 

20 Retention of the biological particles in the filter can be due to their size and/or due 
to their chemical properties. Typically retention is essentially due to either the size 
of the particles or the chemical properties of the particle. 

Suitably, the biological particles purified and enriched according to the principle 
depicted in figures 1 and 2 can be analysed by a method that allows measurement of 
25 the presence or amount of a specific molecule in the particles. These methods 
include but are not limited to the following: the polymerase chain reaction (PCR)| 
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reverse transcriptase polymerase uJwiu jtiactiou (RT-PCR), immunoassay, ligaso 
chain reaction (LCR), oligomirAentide ligation assay (OLA), nuuldii: acid sequence 
based amplification (NASBA), strand displacement ainpliflcarlon (SDA), 
fluorescence in situ hybridization. A combinatioii of methods can also be used. 

5 Suitably, the biological particles are flushed with a liquid or a gas that is different 
from the liquid or gas originally present in the sample prior to forcing the sample 
through the filter, Altcmativelyj the biologioaJ particles are flushed with the same 
liquid ur gtin Lhat was present in the sample prior to forcing the sample through the 
filter. 

10 Suitable the method of die present invention con be used to detect a living and/oc 
dead cell or virus; a peptide, a proiein or complex tiiereof; a nucleic acic^ or any 
combination thereof.Typical]y, the meAod of ttie present invention can be used to 
detect one or more of the following: a bacterium, a yeast, a mold, a eukaryotic cell 
or organism, a cancer cell, a virus (e.g. pathogenic), a nucleic add, a ribonucleic 

IS acid (RNA), a deoxyribonucleic acid (DNA), a derivative of a nucleic acid, o 
peptide, a protein (e.g. hormone, growth factor, enzyme or part thereoQ or a 
complex of protein and nucleic add The method can also be used to detect any 
comtsinahon thereof. 

Suitably, the mclhud uf Ihc prciicul invention is used for one or more of the 
70 following purpose,*?: diagnostics, environmental monitoring, detection of biological 
warfare agents, forensics, detection of micro-organisms, monitoring nf industrial 
processes, drug discovery, development of medicaments, development of 
nutraccuticals, product quality controL 

The invention also concerns a kit of parts, components and/or reagents for in the 
25 method according to the invention. Such a kit comprises the arrangement according 
to the invention and additionally other parts, components and/or reagents for 
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performing the method. Additional o&er parts, cumpuuents and/or reagents are 
typically tailored for a specific analygis or a group of specific analyses. The kit Ciin 
comprise a set of essential parts, components and/or reagents, but need not comprise 
everything (but the sample) needed for the analysis or analyses. Preferably it 
5 cumpiises all the parts, components and/or reagents not otherwise available at die 
typical site of canying uul Ihe bpcdfiu aualy&fis oi analyses. 

Figure 1 shows the basic principle of Ihe invention. Analyte particles 4 are collected 
from a sample 2 by a fillniliuu slep. The flow tluough tlie filter 6 is then changed in 
such a way that pure analyce parcioles 4 are flushed by ttie flush flow 8 fiom the 
1 0 filter 6, ready tor analysis. 

Figures 2a and 2h show a schematic presentation of the principle of the invention 
used in a more complex way. Large sample contaminants 10 are removed from the 
sample 2 with optional pre -filtration using a pre-filter26 after which the analyte 
particles 4 arc collcotcd from the aanqplc 2 by filtration with a filter 6. Any small 
1 S molecule contaminants from flic sample that may liavc been retained on the filter 6 
are removed by an optional washing step. The flow through the filter 6 is tiien 
reversed in such a way that pure analyte particles 4 are flushed from the filter by the 
flush flow 8 and tiie particles 4 are reacfy for analysis. 

Figures 3a, 3b and 3c show the principle of a proto^e automatic saxnple pre- 
20 treatment instrument utilizing the principles of the present invention. In figure 3 a 
(he sample 2 witii its analyte containing biological particles 4 is first pumped along a 
flow cluumel 28 so that it passes througit an optional pre-filtBr2<}, which removes 
large sample contaminants. Next the sample 2 passes tiuxni^ a filter 6 from the 
sample inlet side 16 to the flush finw inlet side 18 in ite housing 14 mounted on a 
25 filter holder rack 32 capable of rotation. Analyte particles 4 are flius bound on tiie 
filter 6. The filtrate of filter 6 is led to waste 38. In figure 3b the filter holder rack 32 
is tiien optionally rotated in such a way fliat wash buffer 34 can be punxpcd through 
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a pipe 30 through Ihe filler 6 fiom flie sample inlet side 16 to fhe flush flow inlet 
side 18, remnving small satnple contaniinanUi adhcriug to the filto: 6- The filtrate of 
the wash butter is led to waste 38. In figure 3h the filter holder rack 32 is finally 
rotated in such a way that bufFer 36 for tlushing can be pumped through the filter 6 
5 in a reverse direction compared to the sample and wash buffer flow, i.e, froni the 
flush flow inlet side 18 to the sample inlet side 16. Analytc particles 4 are Ihus 
flushed with the flush flow 8 and retrieved 24 pure and ready fur analysis. 

Figure 4 is a sUtndard curve for Qic dcLeotiou of Listeria monocytogenes from milk 
using the present invention for sample pre-treatment and real time PGR for analyic 
10 detection. 

Figure S is a standard curve for the deteciioti of Listeria monocytogenes from cheese 
using the present invention tor sample pre-treatment and real time PCR for flD^ilyte 
detection. 

Figure 6 is a standard curve for the detection of Listeria monocytogenes from salted 
IS salmon using the present invention for sample pre treatment and real time PGR for 
analyte detection. 

Figure 7 is a standard curve for the detection of Bacillus subtilis from Luria broth 
using the present invention for sample prc-trcatmcnt and real time PGR for analyte 
detection. 

20 Figure 8 is u btandai*d uurve for llie detection of Bacillus subtiUs cndosporcs from 
potato flour using the present invention for sample pie-treatmenl and real-time PC^ 
for analyte dete-crioTi. 

Figure 9 is a picture of an agacu!»e gel analysis of llic PCR ampliflcatious of an actin 
fragment from himian blond leucocytes isolated with tiie method of the present 
25 invention. Lanes 1 and 8 are molecular weight standards (GeneRuler^^ lOObp DNA 
Ladder, Fermentas Life Sciences, Lithuania) whereas lane 7 is a positive control and 



VAST.OTTO 



18-11-2003 15:50 



UlSTA- 359 2 2f4l556 



KEN&LL&PATREK Asiakaspalvfli SIVU 013 



xo/xx vis 11 xo:o» rajL oao 2 iS74iooo 



TUKUW rAl,X&lVI 



13 

lane 2 is a negative controL Laucs 3 to 6 aie PGR reactions with 1, 1, 10 and 10 (il 
of extracted lexicocytes added, respectively. The resiilts show that the 136 bp actin 
fragment gets amplitied only in the picsence of the extraoxed leucocytes. 

Methods 

5 Bacterial strains 

Listeria monocytoeenes strain ATCC 7644 was used in examples 1-3. Baoillws 
subtilis strain 168 DEI [Ebbole, DJ. and Zalkin, H. (1987) Cloning and 
Chaiactcri2sation of a 12-Gcnc Cluster from Bacillus subtilis Encoding Nine 
enzymes for de Novo Purine Nucleotide Synhesis. J. BioL Chem. 262, 8274-8287] 
1 0 was used in examples 4 and 5. 

Real-time PGR 

The real-time PGR detection method used for the detection of analytes in the 
cxauiples [Nuiini, J., Wikinan, T-, Kaip, M. and Lovgren, T. (2002) High- 
Performance real-Time Quantitative RT-PCR Usmg Lanthanide Probes and a Dual- 

15 Temperature Hybndisation Assay. Anal. Chem. 74, 3525-2532.] is based on 
environment sensitive terbium chelates that have greater fluorescence intensity 
when they axe free in solution than when attached to single-stranded DNA. During 
tiic extension phgtse of FOR the 5'-3'-cxonuclcolytio DNA polymerase digests the 
laniharude probe that is specifically hybridised to template DNA. This results in 

20 fluorescence signal increase thai is measured in a time^resolved maimer wiih a 
Victor 1420 MuWlabel counter (Perkin Elmer Life Sciences Wallac, USA). The 
small backgroimd fluorescence resulting from undigested lanthanide probes is 
further decreased with a QSY-7-labcllcd quencher probe that hybridises to the 
terbium probe in the measurement temperature. The thermal cycling was performed 

25 with a Peltier Therauil Cycler (MJ Research, USA). 
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Probe, quenRhcn- and primer sequences used in PGR reacLiunii 



Oligonucleotide 


ocqucnco uom o lo 3 eno. 




Listeria probe 


CGATTTCATCCGCGTGTTTCTTTTCGTA 


TbyS' 


Listeria 
qutsncher 


CGCGCATGAAATCG 


QSY-7/3' 


Listeria 
5 'primer 


TGCAAOTCCTAAGACOCCA 


None 


Listeria 
'3 'prirner 


CACTGCATCTCCGTQGTATACTAA 


None 


nHciinjs prone 






Baciliiis 
quencher 


CCATCACATCAA 




Bacillus 
S 'primer 


ATGGATGTTATCAACATOAO 


None 


Bacillus 
3 'primer 


GAGTCGCCATGGACGTTC 


None 


Actinc 5 'primer 


TGAAGTCTGACGTGGACATC 


None 


Actinc 3 'primer 


CTTGATCTTCATTGTGCTGGG 


None 



Fre-<;ulmre of Listeria monocvtostenes 

Fresh Listeria monocytogenes cells were prRparcsd as fnllows. An aliquot of S ml of 
brain heart infusion broth (Labema, Finland) was inoculated with Listeria cells and 
5 oulmred overnight at 37 °C. Dilutions of those cultures were plated on nutrient agar 
plates (Labema) Lu delemiinc ihc aiuumiL o[Lbt&riu cells in each batch. 
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Examples 
Exainple.1 

DetecAon of Listeria monocytogeMs from milk 

Ten fold dilutions of fresh overnight Listeria monnrytagmes cultures were made to 
5 Vz Fraser broth (Labema), 20 \i\ of each dilution was mixed with 1 ml of milk (7 % 
fat contont) and y^ Fraser to a total volume of 10 ml. The Listeria cells were then 
gruwu for 18 h at 30 X. One ml samples of each of these cultures wore filtered, 
through a 3 |mi pore-susc pre-IiUer in urdcr to remove lai^e sample particles. 
Listeria cells were then collected on a (1.45 \m\ pnre-fdze filter by passing the sample 

10 through it. The cells on filter weie washed with 10 ml of 0.9 % NaCI, flow ditection 
through the filter was reversed and the cells were flushed with 500 pi of sterile 
water. 5 m-I of the elxiate was used in TCR reactions as template. The FOR. reactions 
had the following conditions: L25 U AmpliTaq Gold DNA Polymcrdsc, IxPCR 
buffer n and 5 mM MgCl2 (Applied Biosystems, USA), 0.2 mM dNTPs 

IS (Amersham Biosciences, U.K.), 0,3 Listeria primers, 0.B3 |iM Listeria probe 
and 8.3 nM Listeria quencher in a total volume of 50 fiL The themial cycling profUe 
was 95 °C 10 mm, 95 *C 15 s, 60 °C 1 min repeated for a total of 40 cycles. In the 
end uf each uf llic huil 20 cyulcs Uic IcmpeiatQie was bilefly lowered to 35 '^C fbi 
dme-resolved fluorescence measuring. PGR results were plotted against plating 

20 results in order to obtain the standard curve presented in figure 4. 

Example 2 

HeiecHon ofLvsteria monocytogenes from cheese 

The enrichment step was donft like in example. I , except that instead of using milk, 
1 g of blue cheese (minced thoroug}ily with a blender) was mixed with the fresh 
25 Listeria celb and 14 Fraser broth. Two ml aliquots of each of the enriched samples 
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were filtered Ibiuugli a 5 \xm pore-size pre-filter in order to remove large sample 
particles. Listeria cells were then collecled uxi a 0.45 ftm pore-size filter by passing 
the sample through it The cells on filtw were washed with 20 ml of 0,9 % NaCl, 
flow direction through the filter was reversed and the ceils were flnahed with 500 \i\ 
5 of sterile 0.9 % NaCl. 5 pi of the eluate was used in PCR reactions as template. The 
PGR analysis was done as in example 1, PCR results were plotted against plating 
results in order to obtain the standard curve presi::nlcd in Hgure 5. 

pxample 3 

Detectian of Listeria monocytogenes from fish 

10 The eniichmenl iilep wab done like in cMunple 1, except tliat instead of usmg milk.^ 
i g of salted salmnn (minced Thoroughly with a blender) was mixed with the fresh 
Listeria cells and Vz Fraser broth. Two inJ samples of each of these cultures were 
filtered through a 5 jim pore-size pre-filter in order to remove large sample particles. 
Listeria cells were then coUectGd on a 0.4S pmporc-sizc filter by passing the sample 

15 through it. The cells on filler were washed with 10 ml uro.9 % NaCl flow dirculiuu 
rhrnngh the filter was reversed and the cells were flushed with 500 p.1 of sterile 
water. S pi of the eluate was used in PCR reactions as template. The PCR analysis 
was done as in example 1. PCR results were plotted against plating results in order 
to obtain the standard curve presented in figure 6. 

20 Example 4 

Detection ofBacittus mbttttsffrum LB grmvih medium 

Bacillus subtilis cells grown overnight in 2.5 ml of LB- medium (10 g ttyptone, S g 
yeast extract and 10 g NaCl per Utcr^ pH 7.0} wore serially diluted to LD-medium. 
One ml of each dilution was filUsrcd diruugli a 0.22 pOie size filter. Tlie cells on 
7.5 filter were washed with 1 ml of sterile water, the flow direction through the filter 
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was reversed and thft cells were flushed wiih 0.5 ml or sLciilc water. 5 jxl of the 
oluQte was used as template in PCR reactions that had the following condiliujis: 1-3 
U AmpliTaq Gold DNA Polymerase, IxPCR buffer 11 and 6.5 mM MgC17. (Applied 
Biusystems, US), 0.8 mM dNTPs (Amersham Biosciences), 0-5 fM Bacilltis 
5 primers. 1 .7 ^iM Bacillus probe and 4L5 ^iM Bacillus quencher in a total volume of 
50 Hi. The thermal cycling profile was 95 10 rain, 95 X 13 s, 53 X 30 s and 
61°C 30 8 repeated for a total of 40 cycles. In the end of each of the last 20 cycles 
the temperature was briefly lowered to 35 ^^C for time-resolved fluorescence 
measuring. Tlic amount of Bacillus cells in each of tiie serial dilutions was 
10 determined with plaliugs. PGR results weic plotted against plating results in order to 
nhtain the standard curve presented in figure 7. 

Example 5 

Detection of Bacillus subUlis mdospoves from potain flour 

DiliitinnK ofRaalllus suhtllis spores were made to Ringer soluliuu (8.6 g NaCl, 0.3 g 
15 KCly 0.48 g CaC12 per kter) containing 10 % potato flow sufqpension. The dilutions 
were first prefiltered through 5 \Lm pore size inters and then the cells were collected 
by passing the samples through 0.45 fim pore size filters. The spores on filter were 
wa^ihcd with 1 ml of sterile watcr^ the flow direction through the filter was reversed 
and the spores were flushed with 1 ml of sterile water. 5 ^1 of Ihe elualc was added 
20 to PCR reactions as template. The PC!R analysis wak done as in example 4. The 
amount of Bacilli4S spores in each of the samples was determined with platings. 
PGR results were plotted against plating results in order to obtain the standard curve 
presented in figure 8. 
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Bxtractian of leucocytes from whole blood 

An aliquot of 300 ^il of whole HDTA tlood was mixed with 900 jil of 20 mM Tris- 
HCl, pH 7,5 in order to lyse the red blood cells. Leucocytes were then collected fay 
5 filtrdLion Qiroujeih a 5 nm pore size filter. The leucocytes on the filter were washed 
with 3 ml of the above buffer, the Iluw dh^ection through the filter was revved and 
the cells fliished Irnm the filter with 1 ml of sterile water. Aliquulss fruxu 1 to 10 lil 
were used as templates in SO jil PCK reactions that contained 2.0 IT AmpHTaq Gold 
DNA Polymerase, IxPCR buffer D, 3.5 mM MgClz, 0.2 mM dNTPs and 0.5 fiSA 
10 Actinc primers- The thermal cycling profile was 95 ®C 10 min, 95 30 s, 60 ""C 
30 s and 72 '*C 30 i> xt:peated for a total of 40 cycles. The PGR reactions were 
analyzed with agarose gel electrophoresis. The picture of the gel is shown in 
figure 9- The results show that the 136 bp aciln fhigmeni gets amplified oxdy in The 
presence of the extracted leucocytes. 
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CLAIMS 

1. A method for preparing a biological sample (2) for quanliUillve aad/or 
qualitative analysis of tibe presence of a speoific analyte or specific analyies, wfaich 
analytos, if present, are contained in biological paiticles (4) of the sample C^.)» 

5 whidi method the saxnplc (2) is forced in a first direction throng a filter (6) that 
retains said biological parlioles (4) characterised ht fliat said biological particles (4) 
retained in said filter (6) are flushed, by a flush flow (S), in a second opposite 
direction through said tilter(6) out of said filter (6) and said flush flow (8) 
containing said biological particles (A) flushed out is analysed for the analyte or 

10 analytes. 

2. The method of claim 1 characterised in that said method comprises an 
additional filtration prior to the filtration retaining die biological pQrtieles(4) 
conlaiiuug Ihc analyte oi aiialytes, which additional filtration does not retain tiie 
biological particles (4) containing the analyle or amdyles but relautuj paitides (10) 

1 5 that might intftrfere with the analyf^is of the analyte or analyces. 

3. The method of claim 1 ur 2 cliaracteilsed in tiiat tiie fiow contaunng ihc 
biological particles (4) containing the analyte or analytes flushed out is analysed for 
tiie analyte or analytes without any further purification. 

4. The method of claim 1, 2 or 3 characterised in that retention of Ihe 
20 biological particles (4) containing the analyte or analytes in the filter (6) is 

essentially si^e dependent. 

5. The method of any of claims 1 to 4 c&aractensed in diat reteniioB of the 
biological particlast (4) cnntaining the analyte or analytes in the filter (6) is 
essentially dependent on the eheimcai properties of the particle. 
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6. The method of any of claims 1 to 5 characterised in that tlie biological 
particles (4) containing the analyte or analytes are selected from the group 
consisting of prolcoryotio or eukaryotic cells or spores or components thereof, 
viruses or vu-al particles, complexes comprising protein and/or nucleic acid, and any 

S combination thereof. 

7. The method of claim 6 characterised in that the biological particles (4) 
cunUiiiihig Ihe analyte or analytes arc selected from the group consisting of bacteria, 
hacterial cell, plant pollen, mlthochondria» chloroplaslp cell nuclei, virus, phage, 
chiomosome and rihoRome. 

10 8. The method of any of claims 1 lu 7 charactei*ised iu that the means of 
analysing the analyte nr analyte;; selected from the group consisting of 
immunoassay, polymerase chain reaction (PCR)^ reverse transcriptase polymerase 
oluun reaction (RT PGR), Ugase chain reaction (LCR), oligonucleotide ligation 
assay (OLA), nucleic acid sequence based amplifioation (NASBA)| strand 

IS displacement amplification (SDAX fluorescence in situ hybridusaliun, and any 
cnmbinatinn thereof. 

9» Tlie inetijiod of any of clauns 1 to 8 characterised in that the biological 
panicles (4) containing the analyle ur unalyLes arc flushed wlUi a liquid ur a gas 
preferably not contained in the original sample 2. 

20 10. The method of any of claims 1 to 9 characterised in lhal the analyle ur 
analytes are selected from the group consisting of a living and/or dead cell or vfaiis; 
a peptide, a protein or complex thereof; a nucleic acid; and any combination thereof. 
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I I. The method of claim 10 charsiclerised iii that tlic analyte or analytcs 
comprises living and/or dead cells and/or vim.<;es selected from the group uuusisllag 
of a moldj a yeast, a eukaryotic cell or organism, a pathogemin vinw and a cancer 
coll. 

5 12, The method of claim 10 characterised in that the analyte or analyies 
comprises nucleic acids selected firom the group consisting of DNA, RNA and any 
derivative Ihcreof. 

13. The method of claim 10 characterised in that the analyte or analytes 
comprises peptides and/or proteins or oompleKes thereof selected from the group 

10 consisting of a hormone^ a growth factor, an enzyme or parts thereof and/or 
complexes thereof, and any combinaiion thereof. 

14. An arrangement (12) for preparing a biological sample (2) for quantitative 
aiid/ui qualitative analysis of the presence of a specific analyte or specific analytcs, 
which analytes, if present, are contained in biological particlt^i (4) of Ibe san^lts (2), 

1 5 chnractertsed in ttiat the armngement ( 1 7.) comprises; 

a) a housing ( 14) for a filter (6); 

b) a inter (6) within said housing (14) for retaining the biological particles (4) 
containing the analyte or analytes, said filter (6) having two sides, 

i) a sample inlet side (15) and 
20 ii) a flushing flow inlet side (18); and 
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c) means for 

i) loading (20) the sample (2) tbrough the tiiter (6) from the sample inlet 
side (16) to the flushing flow inlot side (18), 

ii) leading (22) the tlush flow (8) from its inlet side (1 8) to the sample 
5 inlot side (16), and 

Hi) retrieving (7.4) for analysiss biological particles (4) containing the 
analyte flushed from the filter (6). 

15. The arrangement (12) according to claim 14 characUsrlsed iu that the 
arrangement (12) further comprises 

10 a) an additional filter (26) that does not retain the biological paTticle55 (4) 
containing ttie analyte or analytes but retains particles (10) that might 
interfere with the analysis of the analyte or analytes, and 

b) means for leading (28) the sample (2) through said additioxud filter (26) prior 
to leading il llirough tlie filter (O for retaining the biological particles (4) 
1 i containing the analyte or analytes. 

16. The aiiaiisejiiCiit (12) accotding to claim 14 or 15 characterised in ibst the 
arrangement (12) further coniprises means fur Icadmg (30) a washing liquid or gas 
through the filter (6) from the ssample inlet side (16) to the flushing flow inlet 
side (18) for washing the retained biological particles (4) containing the analyte or 

20 analytes prior to flushing them out of the filter (6). 
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17. The arrangement (12) according to any of claims 14 to 16 characterised in 
that the arrangement (12) comprises a filter raolc (32) that is a multi-way valve, with 
connections for sample inlet (20), sample retrieval (24), flush flow inlet (36) and 
waste disposal (38), and optionally for wast flow (34), and the filter rack (32) with 

5 the filter (6) can be turned in alternative positions so that flow is directed from 

a) the sample inlet (20) into the filter (6) from the sample inlet side (16) to the 
flush flow inlet side (18) and to waste (38) or opliunally for use as flush flow, 

b) the flush flow halet (22) into the filler (6) from the flush flow inlel side (1 8) 
to the sample inlet side (1 6) and to sample retrieval (24), or optionally 

10 c) tiie flow inlet (30) into the filter (6) from the !;amp1e inlet side (16) to the 
flush flow inlet side (18) and to waste (38) or optionally tor recycling. 

18. A Idt of parts, components and/or reagents for performing the method 
according to any of claims 1 to 13 characterised in that it coxzq^rises the 
arrangement (12) according to any of claims IS to 17. 
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ABSTRACT 

The present invention relates to a method for preparing a biological sample (2) for 
quantitative and/or qualitative analysis of the prRsence of a specific analyte or 
specific analytes, which analytes, if present, are contained in particles (4) of the 
5 sample (2), in wliich method the sample is forced in a fixat direction through a 
filter (6) that retains said particles (4). Characteristic for tiie method is that fhe 
particles (4) retained in the fiher (6) are flushed, by a flow (8)^ in a second oppusiic 
direction through the filter (6) ont of the filter (6) and the flow (8) containing said 
particles (4) flushed out is analysed for the analyte or analytes. The invention further 
10 relates to an aiTangcmcnt (12) for preparing the aomple (2) according to the method 
of the invention and to a kit of parts for analysing the analyte or analytes, which kit 
comprises the arrangement (12). 
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Figure 1 
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Figure 2b 
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Figure 3a 
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Figure 3b 
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Figure 3c 
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Figure 4 
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Figure 5 
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Figure 6 
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